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Abstract

Salinlty atfects plant growth, development and vyield In
approximately 100 M ha of arable land worldwide. Besldes,
varlous management options avallable the Introduction of salinity
tolerant varletles In such areas could partly ease the Increasing
global foed demand. Here, six groundnut (ICG (FDRS) 10, ICGS
44, ICGS 76, ICGY 86031, JL 24, and TAG 24} and pigeonpea {ICPL
88039, ICPL 88034, ICPL 87119, ICPL 96058,ICP 7035 and ICPL
366) genotypes wera screehed by conducting two experimants in
soll treated with five ditferent NaCl (mM) concentrations (0, 50,
100, 125, 150) and {0, 50, 75, 100, 150) respectively for groundnut
ard plgeonpea, under controlled conditlons. Salt concentrations
of 100-125 mM were found to be critical to screen groundnut
genotypes whereas 75 mM NaCl appeared most sulted traatment
for pigeonpea. Therg was a positive and significant correlation
between the SPAD Chlorophyfl Meter Reading (SCMR) under
galinlty and the ratlo of blomass under sallnity to that of control,
our proxy for salinlty tolerance, though this relation wase better In
pigeohpea. The sodium concentratlon In ghoot was well
carrelated with the ratie of blomass In plgeonpea but not in
groundnut. Finally, the nodule dry welght was positively and
significantly related to the ratio of biomas In both the crops. Qur
resuits show a sultable protocol to screen salinlty tolerant
germplagm of groundnut and pigeonpea and propose few tralts,
SCMR, shoot Na accumulation, and nodulation, that could be
used 10 understand better the machanisme of tolerance, and/or
pesslbly to ecreen for salinity tolerance.
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Introduction

Salinity is an ever-Increasing problem, especially in areas
where lands are irrigated with water containing salts.
Worldwide, about 100 million bectares of arable land are
affected by salinity, which accounts for about 6-7% of the total
{(Munns and James, 2003}. Salinity adversely affects plant
growth at all stages, at seedling and reproductive stages in
particular, dramatically reducing the crop yield {Munns et af,,
2002). Although there is now more and more knowledge
about the genes involved in salinity response and tolerance in
a few model plants such as arabidopsis or rice, little efforts
have been made to breed for salinity tolerance in
economically important crops (Fiowers, 2004). More so, there
has been no exhaustive assassment of the variability for
salinity tolerance in many crops. Therefore, an initial
assessment of the range of plant tolerance is required before
undertaking a breeding program (Materon, 1988).

Legumes are not only the protein source in the diet of
humans and livestock in poor areas, but they also play an
important role for the fixation of atmospheric nitrogen to
improve the physical and chemical structure of soll
{Hoshikawa, 1991). Legumes tend to be a lot more sensitive
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to salinity than cereals. Yet, legumes are often grown on
marginal {ands like salinity-affected areas and legume crops
with improved performance in such conditions are required.
Groundnut and pigecnpea are important crops in many of the
developing countries, particularly in India where the nitrogen
rich crop residues are also used as fodder. In India alone,
where 40 % and 80% of the world’s groundnut and pigeonpea
are produced respectively, around 13.3 million ha land is
affected by salinity (Consertium for Unfavorable Rice
Environment, IRRI, 2003). To meet the increasing food
demand, the production of legumes needs to be increased,
and this will be achieved to some extent by growing them in
saline areas. Very little information is available about the
salinity tolerance in groundnut and pigeonpea and no attempt
has been made to breed tolerant lines in these two crops. To
find genetic variation in salinity response is the prerequisite
for improving crop salt toleranca (Shannon, 1985). Therefore,
our first goal was to standardize a protocol to screen salt
tolerant materials, to be used later for assessing genetic
variability in a large number of genotypes and to identify
potential mechanisms contributing to tolerance.

Although our long-term objective is to use this protocal
for yield evaluation under saline conditions, this
standardization has been done on the basis of vegelative
biomass reduction under saline conditions to fasten the
process. We have consciously avoided setting a protocal
based on seedling growth evaluation under saline conditions
because early growth under salinity shows very poor refation
with growth at later stage (Munns et af,, 2003). In this paper,
we raport the results of two experiments that were carried out
in groundnut and pigeonpea to standardize a screening
protocol, whare cur objectives were to (i) identify an adequate
NaCl treatment to identify genetic variability in the response to
salt stress (i) explore the potential tolerance mechanisms in
each crop.

Material and methods

Growth conditions and salt application: Two experiments
were conducted in a glasshouse, with day/ight temperature
of 28/22 °C. In both experiments six genotypes of each crops
{For groundnut ICG (FDRS3) 10, ICGS 44, ICGS 76, ICGY
86031, JL 24, and TAG 24 and of pigecnpea two short
duration (ICPL 88039 and ICPL 88034), two medium duration
{ICPL 87119 and ICPL 96058) and two long duration (ICP
7035 and ICPL 366)] were grown in 6" pots filled with 2 kg of
Alfisol, collected from the experimental stalion at ICRISAT.
The soil wag fertilized with diammonium phosphate (DAP) at
300 mg kg soil, and also treated with carbofuran to prevent
fungal and trips infestation in soil. Five replicated pots per
treatment and genotype were grown. In both the experiments,
NaCl was applied at a fixed rate in g kg of sail. The required
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Table 1a. Ratle of blomass under salinlty to blomass under control In different NaCl treatments In two experiments.
Data are the average ratios of six groundnut genotypes {+ SD}.

NaCl {mM) treatment Exp1* Exp 2 *
- 0 1 1
50 {0.584 g kg of soil) 0.84 + 0.08 -
[100{1.168gkg ofsol) | 0.59 + 0,08 0612009
125 (1.46 g kg”' of soil) - 0.39 £ 0,07
1150 (1.75 g kg’ of soil) 0.33 x 0.04 0.25 + 0.02

Table 1 b. Ratic of biomass under salinity to biomass under control in different NaCl treatments in two experiments.
Data are the average ratios of six plgeonpea genotypes (x SD}.

! NaCl (mM} treatment Exp. 1* Exp.2*
| K 1 1

50 (0.584 g kg~ of soil) 0.78£0.03 0.7920.03
75 (0.876 g kg™ of soil) . 0.4120.05
100 (1.168 g kg™ of soil) 0.26+0.02 0.13:0.02
150 (1.75 g kg of soil) 0.060.007

* Mean biomass across genctypes in 0 mM treatment was 10.6 and 8.6 g plant” in Exp 1 and 63 and 6.2 g plant™ in Exp. 2

for groundnut and pigeonpea, respectively.

Table 2a. Mean (+SE} values of nodule dry weight, Na* accumulation in shoot (Exp. 1), and SCMR (Exp. 2, data are
average of the three measurements In each plant taken at 30, 35 and 42 DAS}, at different NaCl treatments tested against six
groundnut genotypes. Data are the mean of 5 replicated plants per genotype and treatment.

Genotypes |  Control 50 mM 100mM | 125mM_ | tsomM

Nodule dry weight (g} (Exp.1}
?G (FDRS)-10 0.18 £ 0.010 0.08 £ 0.068 007 £0.023 - 0.01 x 0.003
1CGS 44 0.18 £ Q.023 .13+ 0.015 .13 = 0.020 - .05 +£0,003
ICGS 75 0.20 + 0.030 0.13 £ 0.021 0.16 £ 0.031 - 0.09 + 0.021
ICGV 86031 0.22 £+ 0.013 .13 £ 0.023 £0.08 +0.013 - 0.03 ;-0.000 N
JL 24 0.16 + 0.010 0.13  0.017 0.10 £ 0.024 - 00420018 |
TAG 24 0.13 £ 0.007 0.13 + 0.011 0.07 £ 0.015 . " 00420008

Na® accumulation (Exp. 1)

ICG (FDRS)-10 0.12 £ 0.010 0.24 £ 0.040 .21 + 0.030 - 0.55 £ 0.060 ]
ICGS 44 0.13 2 0.020 .20 £ 0.040 0.23 + 0.040 - —_——HE}; 30
]ces 76 C.11 + 0.020 0.15 + 0.030 G.17 £ 0.010 - 0.41 £ 0.050
_’:cav 86031 0.15 = 0.020 0.15 + 0.030 0.23 + 0.030 . 0.33 + 0.040
JL24 .12+ 0.010 .14 £ 0.020 $.28 = 0.050 - 0.80 + 0.220
TAG 24 0.19 + 0.030 0.28 + 0.040 0.27 + 0.050 - 0.57 £ 0.080
SCMR (Exp. 2)

1CG (FDRS)-10 39.4 £0.6 414113 35038 326+ 4.1 -

ICGS 44 4865+ 24 369+1.4 40320 EE+13 -

1CGS 76 501+25 452+ 24 43.7+28 42628 -

ICGV B&O31 480+ 5.2 40123 33811 31x12 -

JL 24 423133 v6x22 a07+18 33.1 1.4 -

TAG 24 385+18 386+08 33120 31.2:23 -
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Table 2b. Mean (+SE) valugs of nodule dry welght, Na* accumulation in shoot (Exp. 1), and SCMR (Exp. 2, data are
average of the three measurements in each plant taken at 30, 35 and 42 DAS), at different NaCl treatments tested against slx
plgeonpea genetypes. Data are the mean of 5 replicated plants per genotype and treatment.

Genotypes | Contral | 50 mM { 75mM | 100mM | 1samM

Nodule dry weight (g) (Exp.1)
\cp 7035 005+002 | 027:004 | i " co004 T )
ICPL 366 |  038x006 | 0.21 £ 0.02 . 0.0006 *
\cPL 87119 055:004 | 031001 | - 0.0076 *

ICPL 88034 0.37 £0.03 0.20 = 0.02 | - 0.0_1_10 _ o _
ICPL 88039 0.41£0.03 0.19£ 0.02 - T 003 | ¢+ _
ICPL 96058 0.07 + 0.05 0.39 + 0.04 . 00160 -

Na' accumulation (Exp. 1) _ o ]
ICP 7035 0.11 = 0.046 0.20 + 0.028 . 166+0.160 | 2.870.260
ICPL 366 01220020 | 0.15%0.041 . 1,35+ 0,180 2.66 £ 0.390
ICPL 87119 0.09 + 0.009 0.10 + 0.009 . 0.76 + 0.160 2.0 2 0450
ICPL 88034 0.07 + 0.006 0.15 £ 0.010 - 1.01 20,120 I “—518 :Eﬁ; -
ICPL 83039 0.09 £ 0.015 0.08 +0.009 - 0.35 + 0.080 1.26 0.1_?.0
ICPL 96058 0.08 £ 0.014 0,13 0.019 - ( 0.48  0.070 1.80 £ 0.370
SCMR (Exp. 2)

ICP 7035 48.6 = 1.30 38.4+1.03 241 £3.20 22.0£6.10 .

ICPL 366 46.7 £ 1.10 39.4+1.82 32.9 + 3.20 25.5 + 9.90 -

ICPL 87119 471+ 1.40 P 381124 38.5+6.90 26.2+6.80 -

ICPL 88034 ! arB=:140 44.5 = 0.61 34.9 + 0.50 27.7 £+ 8.90 -

ICPL 88039 47.7 £ 090 47.8 % 0.62 447£690 | 366%7.70 )

ICPL 96058 495 £ 1.50 40.4 = 1.49 39.0 £ 0.80 204+590 .

* NA (Not available)

salt was dissclved in water needed to saturate the soil to field
capacity (23% w/w}. Therefore, treatments are expressed in
mM NaCl of the solution that was used to saturata the soil
profile. Plants were grown for seven weeks in both
experiments and then harvested.

Experiment 1: In this experiment four salt treatments
were given to bolh the crops in three split doses within tha
first 10 days after sowing {¢ avoid the rapid build up of salt.
These saline treatments were 0, 50, 100 and 150 mM NaCl.
The experiment was planted on 18 August and harvested on
6 October 2004. At harvest, plants were separated into
leaves, stems, roots, pods and nodules and oven dried for
thres days at 70°C. Since pod weight was nagligible in
different saline treatments, it was not considered in the
analysis.

Experiment 2! In this experiment, a different set of salt
freatments were given for groundnut and pigecnpea, adjusted
based on the resuits of the first experiment, focusing on the
range of 100-150 mM in groundnut (3, 100, 125, and 150
mM), and in the range of 50-100 mM in pigeonpea (0, 50, 75,
and 180 mM). These treatments were all applied in one dose
at the time of sowing. This experiment was planted on 19
February and harvested on 13 April 2005. At the time of

harvest, the plants were separated Into leaves, stems and
pods and drted as first experiment.

Criferia to assess the saft tolerance: Salt tolerance
was assessed on the basis of total biomass (shoot + roots) in
Exp 1 and on shoot biomass in Exp 2 because shoot biomass
and total biomass in Exp 1 were found to be very closely
associated (r2 = (.93, data not shown). The total biomass or
shoot hiomass hereafter referred as biomass for brevity, We
also use the ratio of biomass (biomass undsr salinity/biomass
undar control). This ratio was well correlated to the biomass
under salinity (Krishnamurthy et al., 2003a, b), and controls
for differences in genotype vigor.

Measurements of plant trails

Nodulation: Nitrogen fixation is very sensitive to salinlty {Rao
et af, 2002), and any effect on the N supply from N, fixation
might explain why biomass is reduced. In Exp.1, the nodule
number and their dry weights wera measurad.

Na* concentration in shoot: \n Exp. 1, 150 mg of
finely ground shoot samples of groundnut and pigeonpea
were digested in 4 ml of concentrated sulphurle acid with
0.5% selenium powder at 360°C for 76 min on a block
digester and the digest was diluted to 75 ml using distilled
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wader. This dilution wns usad io estmate Na® (Sahreeat af

al, 2007 using an atomic ahsorpicn specinophoiometss
[Vartom modol 1200, Austraks).

SCMR n Exp. 2, SCMA [Spad Chiorophyd Moboe
Reading] was mecordod. SCMA s a unil bess massuremsaant
thal proxigd the amownt of chicrophyll In the looves by
measuning the inensity of greenness. Spad Chioeophyll Moter
Asadings wore moorded at 30, 15 and 42 DAS, on four
lnaflots of the fop mosl fully expand=sd eal (groundrul) snd
s lonfets of the fwo most fully expanded loaves of the makn
nxis (pigecnpea) and averaged.

Results and discusabon
In Exp. 1, groundnut and pigeonpoa were (il afiected by 50

mild MaCl tresimenl, wilh biomass being B4 and T of

contiol respectiely (Table 1), although significant genatypic
difprences wers found (g 1 and 2). On the contrary, 150 mM
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MaC? imposed a vory savors eatmsent on both the logumas,
in particular in pigeonpan, and blomass was only 20 and 8%
of contral. On the wholo, it appoared thal pigeonpos was
Fiataly an Sarsithvs &0 BANIRITY AN goundral, shown by
icrarpe rRBO Of Dipmass under similar tnaatmants (Tabis 1)

in growndnut, the 100mM MaCal troatment revealed the
larpest genobypic dflerences i Exp. 1, with genclypes ICGS
4, ICGS T and JL 24 having highes biomass than 1065
(FDRS) 10, ICGY BE31 and TAG 24 (P< 0.001). At that
inpatmapnt fhe miio of biomass was 59 end 81% of control in
Em.1 and Exp2 respectivaly. In Exp. 2, the largast gendtypic
differancis wote found af 125mAl estment, and thems
ngain JOGS 44 had the highest blomass whansas ICGW BS031
and TAG 24 showed lowest biomass (Fig 1), Al that
insatrment, i rafo of bicmass was 359% (Tabis 1)

For pigeonpaa, tha 100 mad tresimant in Exp. 1 was sill
fnirsy severs for &l genolypes, |.e. blomass was only 13% of
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Figure 3. Simpie Inaar cormplancn betwean nodule dry weight (gl And e rafio biowmass in (4} groundnuf and (b pgecnpea.

control {Table 1), and thoro were no sipnificant genobypc
differences (Fig 2] In Exp. 2, the 75 mM NaCl appearsd 1o be
el OS] DO CORCBNIFALGN SN0 1 ravialpd (o langest
genotypic differences (Fig 2). and the bomass was up fo 41%
of confrol (Table 1). In this axpeiment, ab 75 mM Nall, ICPL
58 mnd ICPL EB00S had a higher blomass than ICP 7035,
ICPL &T118, BICPL BB03M and ICPL 956088, In both the
eapesimanis ICPL 388 and ICPL B&G3S had consisisnty
héghar Diomass under saling cordiions whoreas ICP TO33
P e IowDiEl ERcemiaas.

Therelons, 100 mM and 125 mM Mall troatment for
proundnut, and TSmi MaCl troatmsnt for pigecnpen, revaaled
Mo largest contrasy among the genotypos. These treatments
corderad an adoquale level of sireds also becaiss oy were
nefher 100 seveve, nor oo mild, bringing about B biomass
mducion in e rango of 50%. Those can bo used for the
scrpening of Beps numbser of panotypas in both thess oo
(Grivastosa eof. al, 2005]. Using the rocommended tresimants,
we also inftialed the caplomation of potential traits mdated o
salinily Ipierancs in balh oops.

Measurements of plant fraits

Nodulation: In Exp. 1, nodulss dry mass docroased wah th
incroass of safinity levels in both tho oops. A significani
positve correlaion frs 054, P<0.01) for groundnst and
[r=051, P=0.00) for pegoonpea wahs ound beteson ihe
nockils dry waight Bnd the rabio shocd bibmass under salinity,
indicating that Mol sensithve QUNOlypEs  ahowed  langer
decroase in nodule nuember compared 0 respoctive. controls
(Fig-Ja & b).

Ma" accumulation in shoot and salinity falerance; in
most plants, the accumuistion of Na in shoot brings about
MMIEHMWHHHMHI'M
up in shool Essus, In tho case of greundnul shool Na®
acoumiiation increased with saf congentration (Table 2a). bul
thorg wms no significant coerclation bobwoon the shoot Ma®
gonceniration and the ratio of biomass af 100 mM NaCl [Fig,
4aj. On the contrary in pigeonpea, shoot Na  concentration in
lamyes alsn increaded with the incroase of sall ooncentrafion
but therp was & hegalne ard highly sagnificant relalionsheg
{re, 79, P=0U001) botwomn the shoot Ma® conceniraiion and
the ratio of shoot biomass a8 100 mi MaCi, in Exp.1 (g, ab),
Gonotype IGPL 88033, which had the highest shoat bomass
Bcross sah freatments, showed e leasl Ma® accumulaBion
Compand W0 othor gonciypes, which is likoly o resull from B
dilition offec,

SPAD chorophiyll mater resging: Since wa lpurd a
nodulation decreass with increased salt concoenirtion in BExp,
1, which mary atiect the M status of plants, this croated intors!
i meaduns the SCMA as an indirect moasure of N stalus al
diffeseri sah concentrations in Exp. 2 Thete was a signiicant
ard posiie corolalion botwesn SCMA and e rmbe ol
Iomass. in both omops. However, that relabon was woak in o
case of goundnut (r=0.41), and befier in pigeonpea (r=0.62)
(Fig. 5a & b}

W hove shown thal the 100-125 mb and 75 mM
Irpabmanits ol MaCl realimants wics Suilalile 10 Sthisn salnly
cheance  In groundrut  and | pigbonpon  respctivaly,
Pipeonpoa appoared A lol mone sensitve D salinity than
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Figure 5. Sinpie Inear cormeiation Bafween SCMI and e ratio biomass in {1) groundout (SCMA are average vaive of
magsrEnials [Eeen af 3025 and 42 DAS) and (b pigeonpas [SOMA data collacied af 30 DAS)

groundnut, The material screened in this study was very
Emfied and spread across dierent bolamical fypes
groundnud and across maturlly Qroups In pigeonpea, but large
diffisoncin coUld be shown haf IEEpONSE 10 Salnily SiFess 8
those troatmenls, Thess conceniralions would thorofons be
suitable 1o identify & high level of lolerance from & large and
divarss eat of maledials i both the crops. The response o
salinity of gome basic paramaton ke N st massured By
nodutaticn and SCMA appoared well redated 1o the gegres of
isksrancs in both the crops. The accumulation of Ma in shoot
wis alsa wel relaled 1o the degroe ol lolerance in pigoonpea
(Srvastava of &, 2008) But Nt in groundnut, which fa
probably a novel mpor in the domaln of salinity reseanch,
On-going work is in progress B0 soneon lorge pumbers of
aotessions in pigecnpea and groundrut using that protocol.
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